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A chronic remittent lesion of the dermal connective tissue of rabbits is pro- 
duced by a single intradermal injection of a complex of group-specific C poly- 
saccharide and peptide derived from the cell wall of Group A streptococci (1). 
Physicochemical (2--4) and immunological (5)  studies have shown that the C 
polysaccharide is an essential moiety for this toxic manifestation. 
The  microscopic  features  of  the  evolving lesion  indicate  that  the  tissue 
changes are a result of direct toxic action on connective tissue elements, and 
that hypersensitivity is  not a  contributing factor  (6).  The  experiments de- 
scribed below were designed to elucidate the reaction between the toxic particle 
and  the  dermal connective tissue  of rabbits.  Two  experimental approaches 
were employed: (a)  modification of the lesion by specific  neutralizing agents 
injected into the site of the lesion at various intervals after injection of toxin, 
and (b) displacement of the toxin by intercellular perfusion at various intervals 
after injection. 
Four neutralizing agents, differing in their mechanism of attack on the toxin, 
were used. (a) Rabbit antiserum, absorbed to leave antibodies which specifically 
react with C polysaccharide and neutralize the toxin in vitro (5). This reagent 
reacts primarily with the serological determinant group, N-acetylglucosamine 
(7).  (b) A partially purified glucosaminidase, obtained as an adaptive enzyme 
from a soil bacillus, which destroys the serological reactivity of C polysaccharide 
(8).  (c) A culture filtrate of Streptomyces albus, containing a substance lysing 
the cell walls of Group A streptococci (9, 10). This reagent destroys toxicity in 
vitro (3).  (d)  An enzyme lysing cell walls of Group A  streptococci, released 
during bacteriophage lysis of Group C streptococci (11),  which also destroys 
the toxin in vitro (4). 
* This work was supported  by United States Public Health Service Research Grant F_,-949. 
:~ Part of these studies were conducted at the Lister-Institute of Preventive Medicine, 
London, as a Special Fellow, United States Public Health Service, National Institute  of 
Allergy and Infectious Diseases. 
17 18  REACTION OF TISSUE AND  STREPTOCOCCAL TOXIN IN VIVO 
Materials  and  Methods 
Toxic Preparations.--Cultures  of  a  D-58  strain,  Type  3,  Group  A  streptococcus were 
harvested and sonically disrupted  (1,  2).  The fraction 75p00 was  obtained by differential 
centrifugation and was the same lot as that used in a previous study (5). The dose was the 
minimal amount consistently producing a  lesion within 7 days. A  suspension containing 15 
~g. N  per ml was injected in a volume of 0.2 ml. The crude sonic extract was similar to that 
used in other studies except that it was dialyzed against distilled water at 4°C for 24 hours 
and freez-dried. Titration in rabbit skin revealed that 2.0 mg in a volume of 0.2 ml produced 
a lesion with an index value comparable to that obtained with the partially purified toxin. The 
fraction 100p30,  used in the perfusion experiments, was prepared as follows.  80 mg of the 
lyophillzed sonic extract was suspended in 13 ml of 0.025 ~ phosphate-buffered saline pH 7.3 
and centrifuged at 34,000 •I,M  for 30 minutes in a No. 40 Spinco rotor. The sediment resus- 
pended in 10 ml buffered saline, was treated for 3  hours at 37°C with 2 mg of crystalline 
trypsin, then washed twice, and finally resuspended with 4 ml of saline. 
Neutralizing Reagems.--The  rabbit  antiserum  against  Group  A  streptococci  had  been 
absorbed leaving detectable precipitins against the group-specific C polysaccharide only, and 
was the same lot as that used in a previous study (5).  The neutralizing titer when mixed in 
vitro with toxin was 1/16. 
The glucosaminidase was prepared  (8)  in a  partially purified form from the soil bacillus 
strain 2aSm,  kindly provided by Dr.  McCarty  of the Rockefeller Institute. A  formamide 
preparation of C polysaccharide was used to induce formation of the adaptive enzyme in the 
bacillary suspension.  This enzyme removed N-acetylglucosamine from  the polysaccharide 
which resulted in the loss of serological reaction with antibody (8). 
Filtrates of S. albus culture contain an enzyme which breaks down the structure of the 
streptococcal cell wall and releases the C polysaccharide as a small fragment still capable of 
reacting with antibody (9,  10).  This reagent can destroy the toxicity of C  polysaccharide 
complexes (3). The potency of the crude culture filtrate was such that a  dilution of 1/6 just 
failed to neutralize 10 mg per ml of sonic extract after incubation for 2 hours at 37°C.  The 
lytic filtrate was kindly provided by Mr. W. R. Maxted (9). 
The phage-associated cell wall lysin was used as a crude filtrate of a broth culture of Group 
C streptococci which had been lysed by a bacteriophage. The factor released by the bacterio- 
phage infection is probably a  muralytic enzyme which attacks the mucopeptide of the cell 
walls of Group A streptococci (11).  In the crude form it contains other cellular and extra- 
cellular components of Group C streptococci. This difficulty is partly overcome by using as a 
control a  broth culture filtrate of the same strain of Group C  streptococci not infected by 
bacteriophage. This lysin was also provided by Mr. W. R. Maxted and Dr. H. Gooder. 
In Vivo Neutralization.--All injections were made intracutaneously into the upper flanks 
of New Zealand white rabbits weighing about 2 kg. The needle used for the initial injection of 
toxin or neutralizing reagent was dipped in India ink to mark the needle track.  Care was 
taken to insert the needle of the superinjection along the same path and to the same depth. 
The second injection was made in a  larger volume to  enable maximum  dispersion of  the 
neutralizing agent. 
Skin £erfusion.--The  technique of intercellular peffusion described by Miles and Wilhelm 
(12)  was used. A skin section 25 X  30 mm was dissected from around the site of injection, 
including all the layers down to the loose subcutaneous tissue. Hyaluronidase was not included 
in the perfusion fluid. The section was perfused with saline and the first 3.5 ml collected; the 
supernatant fluid was used after centrifugation at 2,000 gP~ for I0 minutes. 
Estimation of Toxic Activity.--Toxidty was recorded in terms of an index (2)  derived by 
dividing the area of the skin lesion in square millimeters at the time of maximum develop- JOHN  H.  SCHWAB  19 
ment, by the period in days after which the lesion became visible to the naked eye. The lesions 
recur in at least two-thirds of the animals. These relapses occur within the old area of involve- 
ment and the incidence is related to dose. 
RESULTS 
Influence of Neutralizing Agents In Vivo on Lesion Development.- 
Antibody to C polysaccharide: Five groups of 5 rabbits  each received the 75p60  fraction 
at 1 site on each flank.  Into these same sites 0.2 ml of undiluted antiserum was injected on 
the right flank and on the left flank 0.2 ml of normal rabbit serum. In the 5 groups the sera 
were given respectively 30 minutes before toxin, immediately after toxin, 1 hour, 22 hours, 
TABLE I 
Superinjeaion  of Antiserum at Intervals Relative to Toxin Injection 
Age of lesion 
when serum is  Rabbit 
injected  serum 
--30 rain.  Normal 
Anti-C 
+5 rain.  Normal 
Anti-C 
+1 hr.  Normal 
Anti-C 
+24 hrs.  Normal 
Anti-C 
,n 
326 
68 
270 
33 
211 
49 
315 
95 
Index 
220  to  600 
11 
155 
20  to 
165  to 
0  to 
Maximum areas, mm t  Latency gross lesion, day~ 
Mean  kange 
4 
15 
7 
19 
Range  ~.~  Meanl  Range  .. o 
per  per 
cent  i  cen| 
--1111!660  to  180~  -- 
to  140  79  741 196  to  197¢  33 
to  467  --1139  782  to  140~ 
3  to  84  88  35C  64  to  504  69 
90  to  370  --  803i360  to  lllC  -- 
3.43  to 
10.8 8  to 
4.23  to 
10.65  to 
93  77  467 255  to  594 
462  -- 1071 660  to  1386 
262  70  996  0  to  3936 
3.83  to  5 
42  9.66  to  13 
--  3.43  to  4 
710.57  to  >35 ~ 
I 
m 
3.2 
2.5 
2.5 
3.1 
and  3  or 4  days after toxin.  This amount  of antiserum  represented  16 times the amount 
required for neutralization of toxin upon in vitro incubation. 
The specific antibody was the least satisfactory reagent in terms of quantita- 
tive interpretation  of results, because of the allergic reaction produced by the 
in situ antigen-antibody combination. It was, nevertheless, clear that antibody 
superinjected  either  before  toxin  or  anytime  after,  up  to  the  appearance  of 
gross lesions, delayed the appearance of lesions and reduced their size (Table I 
and Fig.  1). 
The last group of animals was not injected with serum until nodular lesions 
were just apparent  in order to follow, on a  macroscopic level, the influence of 
antibody on the evolution of an already apparent lesion. This made it impossible 
to calculate index values. Again, the allergic reaction gave a  confusing picture, 
but  the  development of the  typical nodular  lesions  was  reversed  temporarily 20  REACTION  OF  TISSUE  AND  STREPTOCOCCAL  TOXIN  IN  VIVO 
even with this interval of 3 to 4 days. The multinodular connective tissue lesion 
required an average of 18 days to recur and 1 animal remained negative. The 
difference in the maximum area of lesions which did eventually develop at the 
control and antiserum sites at this time interval was 68 per cent less in the sites 
receiving antibody. 
Glucosaminidase.--The  in  vitro  action  of  this  enzyme  preparation  was 
demonstrated utilizing the qualitative precipitin test. The serological reactivity 
of 6 t~g C polysaccharide  (formamide extract) was destroyed within 3  hours in 
phosphate  buffer pH 6.0 at  20°C  with  0.2  ml of enzyme.  Incubation of the 
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FIG. l. Comparison of neutralizing effect of 4 reagents superinjected intracutaneously  at 
various intervals relative to toxin injection. Glucosaminidase and antibody were not injected 
at the 4 hour interval. 
enzyme with the 75p60 toxic fraction at 37°C for 3 hours reduced the index of 
activity 77 per cent (Table II). 
The in vivo tests with this reagent were like those with antiserum. 
Four groups with 5 rabbits per group were given 0.2 ml of toxin on both flanks. The enzyme, 
in 0.4 ml volume was injected into the site on the right flank, and saline into the site on the 
left flank, at the following times: 5 minutes before toxin, 1 hour, 24 hours, and 3 days after 
toxin. The dose of enzyme was 2.5 times the amount used in the in vitro test. 
Given either before, or up to 3  days after  toxin,  the enzyme decreased  the 
toxicity index by 43 to 86 per cent (Table II and Fig.  1). At an interval of 1 
hour there was a reduction in the size of the lesion, as well as an increased latent 
period. At intervals of 24 hours or 3 days, however, this reduction in toxicity 
index  was  a  function  only of the  increase  of the  divisor,  namely  the  latent 
period,  because  the  area  of the  lesion  did  not  differ  substantially  from  the 
controls. This probably reflects a  maximum dispersion of the  toxin within  24 
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The effectiveness  of this  reagent  even after  an interval  of 3  days is  more 
significant in view of the fact that it was the least potent of the 4 reagents; as 
determined by its in vitro neutralization activity and from its relative effect in 
vivo when injected before toxin or 1 hour after. 
This  experiment  was  repeated  using  another,  somewhat  weaker  enzyme 
preparation,  with  the  following  modifications:  The  crude  sonic  extract  was 
used instead  of the partially purified  fraction.  4  injection sites  were used on 
TABLE II 
Superinjection of Glucosaminidase at Intervals Relative to Toxin Injection 
Age of lesion 
when enzyme 
is injected 
-5 rain. 
+lhr. 
+24 hrs. 
+72 hrs. 
In ~itro, 
control 
37°C, 3 
hrs. 
Reagent  ~  Range  "~°=k~'~ 
~nt 
per 
Saline  145  49  to  225  -- 
Enzyme  20  0  to  51  86 
282 190  to 385  -- 
Enzyme  Saline  89  45  to  146  69 
257 143  to  510  -- 
Enzyme  Saline  148  78  to  296  43 
152  97  to 210  -- 
Enzyme  Saline  62  37  to  109[ 59 
[  4 140  I 
Enzyme 
Maximum area, mm~  Latency gross lesion, day~ 
69~ 195  to 957  ! --  4.814 to  6  I  -- 
29~  0  to  868  57 L4.716 to  >351 3.0 
07C 952  to  1155] --  3.813 to 5  -- 
552272  to  891  48  6.25  to 8  1.6 
87~729  to  1020  --  3.4]2  to 6  -- 
872 621  to  148C  0  6  [3 to  8  1.8 
67C529 to 840  --] 4.4]3  to  7  -- 
571 435  to  728  15  9.2]4 to  12  2.1 
I 
2 
1 
1 
2 
3 
2 
2 
1 
3 
1 
each rabbit  with  a  total  of 6  sites  for each  time  interval  or sample.  The in 
vivo control consisted  of enzyme heated  at 80°C for 30 minutes, and  this  was 
superinjected only at an interval of 1 hour after toxin. 
The  results  summarized  in Table  III are  in  agreement  with  the  previous 
experiment and show that the effectiveness of the enzyme after a  considerable 
interval  is  also observable with  the  crude  toxic preparation.  It is interesting 
to note that the effect of the enzyme increases  as the interval between  toxin 
and enzyme injection increases. This probably reflects the fact that the crude 
extract contains small molecular weight, non-toxic, C polysaccharide fragments 
(2) which diffuse away from the injection site with time,  thus allowing more 
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Streptomyces albus Culture Filtrate.--Preliminary  studies demonstrated that 
superinjection of control material had no detectable effect on the development 
of the dermal lesion. Therefore, in order to conserve animals, control injections 
were not made for each time interval in the following experiments, but only 
at 30 minutes before toxin. A  further  control of the reagent consisted of the 
injection into the same group of rabbits  of the mixture of toxin and S. albus 
filtrate incubated in vitro at 37°C for 2 hours.  In this experiment the toxin was 
in the form of the lyophilized sonic extract. 
The undiluted filtrate, in a volume of 0.4 ml was injected into sites receiving 2.0 mg toxin 
in 0.2 ml at the following  intervals: 30 minutes before toxin, and 1 hour, 24 hours, and 3 days 
after toxin. A second experiment was conducted using only 1 hour and 4 hour intervals. This 
amount of filtrate represented 10 times the amount required to inactivate this quantity of 
TABLE III 
Superinjection of Glucosaminidase at Intervals Relative  to Toxin Injection  Crude  Sonic Extract) 
Age of lesion when enzyme superinjeeted  Index  Inhibition 
Control, toxin +  enzyme in vitro, 6 hrs., 24°C 
+1 hr. 
+24 hrs. 
+72 hrs. 
+1 hr., control, heated enzyme 
197 
191 
165 
157 
311 
~er cent 
37 
39 
47 
5O 
toxin during in vitro incubation. As control, filtrate, heated for 60 minutes at 80°C to inactivate 
the lysin was used. There were 6 injection sites for each time interval and 4 injection  sites per 
rabbit. The sequence of injection sites was randomized in order to avoid possible influence of 
adjacent  injections. 
The  S.  albus  filtrate completely  inhibited the  toxicity when given before 
toxin and was nearly as effective given 1 hour after  (Table IV, Fig.  1). Even 
with  this  relatively potent preparation,  however  less  toxin was  neutralized 
after a lapse of 4 hours. Given after a lapse of 24 or 72 hours, it neutralized only 
to an insignificant  degree, and the greatest number of relapses were seen in the 
72 hour group. 
Phage-Associated  Cell  Wall  Lysin.--This  experiment  was  similar  to  that 
described for the S. albus filtrate. 
The control sites received 0.5 ml of the non-lyric culture filtrate 20 minutes before a super- 
injection of 2 mg of sonic extract in 0.2 ml. The cell wall lysin was injected in 0.5 ml into the 
toxin sites at intervals of 30 minutes before toxin, and at 1 hour, and 24 hours after toxin. 
This amount of lysin represented 5 times the amount required to give complete inactivation 
of this dose of toxin when incubated at 37°C for 2 hours in vitro. The intradermal injection of 
this in vitro mixture constituted a further control on reagents. 
The results (Table V,  Fig. 1)  resemble those with the  S. albus lysin. Lysin 
given before toxin neutralized strongly. In the two tests at the 1 hour interval, JOHN  H.  SCHWAB 
TABLE IV 
Superlnjection of S. albus Filtrate at Intervals Rdative to Toxin Injection 
23 
fi•t 
e of lesion when 
rate is injected 
--30 rain. 
+1 hr. 
+1 hr.* 
+4 hrs.* 
+24 hrs. 
+72 hrs. 
--30 min. 
Zontrol heated 
filtrate 
:ontrol, toxin + 
filtrate in ~itro, 
37 ° C, 2 hrs. 
Index 
Range 
0  0 
13  0 to 43 
31  0  to  180 
90  35  to  280 
242 123  to  700 
223 106  to  560 
292 108  to  485 
0 
per 
¢,ent 
100 
96 
9O 
69 
17 
24 
100 
M~inlnln area, m~  $ 
Mean  Range  ~  ~ 
per 
0  --  100 
280  0  to  1200 87 
700  0  to  3500  66 
1039  450  to  1600 50 
20501050  to  3000  1 
2070 1600 to  2700  0 
2071 1400 to  3330 ...... 
0  ~  100 
Latency, gross lesion, days 
Mean  Range 
15  to  >35 
119  to  >35 
5  to  26 
4  to  13 
4  to  15 
4  to  13 
21.5 
22.5 
11.6 
8.5 
9.3 
7.1 
Test 
Control 
--  0 
3  0 
3.2  0 
1.6  1 
1.2  2 
1.3  5 
--  4 
--  0 
* Separate experiment. 
TABLE  V 
Superinjection of Phage-associated  Lysin at Intervals Rdative to Toxin Injection 
Jk•ye 
of lesion when 
sin is injected 
--20 min. 
+1 hr. 
-[-1 hr.* 
+4 hrs.* 
+24 hrs. 
Control, culture 
filtrate con- 
taining no lysin 
Control, toxin q- 
lysin in vitro, 
37°C,  2 hrs. 
30 
60 
135 
221 
277 
261 
Index 
Range 
0  to  122 
0  to  228 
65  to  215 
70  to  420 
88  to  1300 
48  to  720 
Maximum area, mm  I 
Range 
per 
Cent 
0  to  135C  75 
0  to  162C  65 
1300  to  360~  0 
1050  to  360C  7 
1230  to  400~  0 
625  to  640C  -- 
--  100,--, 
Latency, gross lesion, days 
~  .~  Mean 
per 
gent 
89  50C 
77  913 
49  211C 
15  1854 
0  2205 
--  2016 
100  O 
Mean  Range 
16.4 12  to  >35 
15.2  7  to  >35 
15.6 13  to  21 
8.4  5  to  16 
7.8  3  to  14 
8.0  5  to  13 
Test 
Control 
2.0 
1.9 
2.0 
1.05 
0.98 
the percentage inhibition was 49 and 77. The degree of inhibition was only 15 
per cent with a  4  hour interval, and nil with a  24 hour interval. 
Recovery of Displaceable  Toxin by Intercellular Perfusion.--Evidence  thus far 
obtained indicated that the toxin was inaccessible to the two cell wall lysins a 24  REACTION  OF  TISSUE  AND  STREPTOCOCCAL  TOXIN  IN  VIVO 
few hours after injection, whereas antibody and glucosaminidase were effective 
even when given 3 days after toxin. Attempts were therefore made to measure 
the rate of fixation of toxin in terms of the amount which could be washed away 
from the area of injection by intercellular perfusion with saline. 
The partially  purified trypsin-treated toxin (100p30) was used in the first experiment. Four 
intradermal injections of 0.4 ml were made on either flank of the rabbit at intervals before 
killing the animal so that at the time of intercellular perfusion  the toxin was in the tissue 
for periods of 10 minutes,  1 hour, 4 hours, and 24 hours. The perfusates collected from these 
sites were injected intracutaneously in a volume of 0.5 ml into 1 of 4 injection sites in each of 
5 rabbits. The amount of toxin which could be washed out from the intercullular spaces by 
saline is reflected in the index value of the resulting lesion. 
TABLE VI 
Dis ~lacement o/Toxin by Intercdlular  Perfusion of Affected Skin 
Perfusate 
Age of toxin lesion  Toxicity (index)  Ring test with Group A antiserum 
Exp. 1"  Exp. 2*  Exp. 1  Exp. 2 
10 min.  153  202  ++  ++ 
1  hr.  83  28  -  ++ 
4 hrs.  2  0  -  + + 
24 hrs.  0  0  -  - 
* Exp. 1: partially purified toxin; Exp. 2: crude sonic extract. 
The results in Table VI show that only traces of toxin could be recovered at 
the 4 hour interval, and none after 24 hours. Considerably less was obtained at 
1 hour compared to the 10 minute interval. These observations are consistent 
with the concept that the toxin combines, in a  mechanically irreversible state, 
very quickly with rabbit skin tissue. 
The perfusates were also tested for the presence of group-specific C  polysac- 
charide using the ring precipitin test. The perfusate in a  volume of 0.2 ml was 
layered over an equal volume of Group A grouping serum. The antigen was not 
demonstrated serologically after 1 hour, although minimal toxic amounts were 
still present (Table VI). 
In the second experiment the crude  sonic extract  was employed in case  the 
results  with  the  purified  material  had  been  determined  by  some  physical 
modification of the toxin during purification. Essentially the same results were 
obtained even though a very large dose of the sonic extract (0.4 ml, 20 mg/ml) 
was  injected  (Table VI).  Serologically detectable polysaccharide was  washed 
out of the skin after a 4 hour interval, but was non-toxic. This is in keeping with 
the observations  that small fragments of the  C  polysaccharide are not  toxic 
(3), and that they are readily eliminated after injection into animals (13). JOHN  H.  SCHWAB  25 
DISCUSSION 
The 4 neutralizing agents tested in ~ivo differ in their reaction with compo- 
nents  of  the  streptococcal  cell wall.  The  glucosaminidase enzyme and  the 
antibody react with the chemical groups of the C polysaccharide responsible 
for its serological specificity. The glucosaminidase apparently removes terminal 
N-acetylglucosamine, which is also the serological determinant group (7). Both 
decrease toxicity even when given 1 to 3 days after the toxin. 
In contrast, the cell wall lysins, S. albus filtrate and phage-associated lysin, 
break down the structure of the streptococcal  cell wall but leave the C poly- 
saccharide in a  small molecular, soluble form, still capable  of reacting with 
antibody. In keeping with the different attack on the cell wall, both are signifi- 
cantly less  effective than  the  first class  of  reagents when  superinjected at 
intervals of 24 hours or 3 days. This is in spite of the fact that, in the relative 
concentrations used, the cell wall lysins are both more effective in neutralizing 
toxin when administered before or 1 hour after toxin. 
From the studies on recovery of toxin from the injection site, it is evident 
that the toxin in a crude or a partly purified form cannot be washed out of the 
intercellular spaces  by perfusion with saline  1 to 4  hours after intradermal 
injection. After this period even a dose 8 times the amount required to induce 
the test lesion is "fixed." 
Thus, the period of mechanical displacement  of the toxin by intercellular 
perfusion and the period of effective neutralization by the two cell wall lysins 
are of the same order, suggesting that the toxin combines firmly with the dermal 
tissue of rabbits within a period of 4 hours following intracutaneous injection. 
It may be that when the combination with tissue is complete, the sites on the 
toxin which react with the cell wall lysins are unavailable; whereas, the reac- 
tive sites for antibody and glucosaminidase are  still exposed.  Alternatively 
the cell wall lysins may affect some property of the  toxin concerned with its 
reaction with tissue, so that when this reaction is completed, the enzyme can 
no longer influence the development of the lesion, at least with single injections 
of the concentrations used. Since one effect of these lysins is to decrease the 
particle size of C polysaccharide complexes (3), it follows that the properties 
associated  with intact polysaccharide complexes are  important only in  the 
initial stage of combining with tissue. On the other hand, the long interval 
during which injection of antibody or glucosaminidase has an effect, suggests 
that the sites they are altering are important for the progressive and chronic 
tissue changes. It is not yet known whether these reagents displace the toxin 
from the tissue. It should be noted that toxicity can be associated with configu- 
rations other than  that  of  Group  A  specificity.  Characteristic  lesions  were 
obtained with some strains of Group  C  streptococci  (4)  in which N-acetyl- 
galactosamine is the serological directive group (14), and with certain serologi- 
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As noted above it has been shown that the predominant serological group of 
the Group A carbohydrate is the side chain of N-acetylglucosamine (8). Gluco- 
saminidase removes up to two-thirds of the total hexosamine and the remaining 
carbohydrate has essentially the serological properties of the variant Group A 
strain, in which specificity resides with a rhamnose oligosaccharide. Thus, we 
have two apparently conflicting observations:  (a)  This enzyme does destroy 
toxicity of extracts  from original  Group  A  strains,  while converting  the  C 
polysaccharide to a  variant type of serological specificity; and  (b)  Nodular 
remittent lesions are produced with extracts of variant strains (5).  There are 
several  conceivable  explanations,  the  most  likely  being  that  our  enzyme 
preparation contains a  contaminant enzyme of the muralytic type, or other 
heat-labile factors unrelated to removal of hexosamine, which destroys toxicity. 
It is also possible that the glucosaminidase is able to split the complex macro- 
molecule into  non-toxic fragments  by  attacking  other  hexosamine residues 
besides terminal groups. Changes in the secondary or tertiary structure of the 
molecule may also result from the removal of N-acetylglucosamine side chains. 
Each of these possibilities is subject to experimental verification. 
The "fixation" of the streptococcal component, as determined by its in ,ivo 
susceptibility to  various  neutralizing agents,  may be  compared  with  other 
toxins. Thus Miles (15)  observed that diphtheria toxin was not displaced by 
saline moving through intercellular spaces 2 to 3 hours after injection, and was 
not neutralized by superinjection of antitoxin after 5 to 6 hours. The obvious 
difference between the 2 systems is that toxic C polysaccharide complexes are 
susceptible over a much longer period to appropriate reagents, including anti- 
body. 
The ineffectiveness of the cell wall lysins after the first few hours following 
toxin injection, might be due to the removal of the toxin from the site or to its 
sequestration in inter- or intracellular locations where it is actually inaccessible. 
This explanation is unlikely since the toxin is accessible to antibody and gluco- 
saminidase. Furthermore, the nodules which developed in areas where super- 
injection of the cell wall lysins was delayed for 24 hours, occurred in the immedi- 
ate vicinity of the injection site, as well as some distance away. 
Intravenous injection of the neutralizing agent has been used with most in 
vivo studies on the period of effectiveness of antitoxins. The problems involved 
in assessing the trans-endothelial passage of intravenously injected materials 
into an area of inflammation introduces more uncertainty than superinjection, 
since using the intravenous route, one cannot distinguish between non-reversi- 
bility of toxin-tissue combination and  effective passage  of antitoxin into  a 
lesion in a  critical time  (15).  Thus Miles and Miles  (16)  conclude that  the 
decreasing effect of antibody on  Clostridium  welchii toxin as  the interval of 
injection between the two increases, is due to the inability of vascular antibody 
to diffuse into tissue spaces after the exudate has collected, because of hydro- 
static pressure. This, in turn, is due to inadequate lymphatic drainage. jom,~ H.  SCaWAB  27 
It is difficult to compare the efficacy of the neutralizing reagents since they 
differed in in vitro activity. Each was in excess of that required for neutraliza- 
tion  in  vitro, and  represented  the  maximum  concentration  available.  The 
purpose of the experiment was to compare the relative effect of a standard dose 
of a reagent on lesions of different age. The apparent period of fixation with a 
given reagent might vary with the concentration used, but a test of this point 
must await availability of more purified and concentrated preparations. 
SUM~,RY 
Specific antibody and a glucosaminidase enzyme react with the serologically 
active  sites  on  C  polysaccharide, and  local  injection of  these  reagents  will 
neutralize the toxic effect of C polysaccharide complexes even after an interval 
of 24 to 72 hours. 
The cell wall lysins in S. albus filtrate and from phage-lysed Group C strepto- 
cocci, break down the cell wall structure of Group A streptococci but leave the 
serological reactive sites of the  C  polysaccharide intact.  These reagents lose 
much of their ability to neutralize the C polysaccharide toxin when superin- 
jected after an interval of 4 hours following toxin injections. 
Toxic C polysaccharide cannot be recovered from an injection site by inter- 
cellular perfusion of the excised skin area after an interval of 1  to 4  hours 
following toxin injection. 
It is concluded that toxic particles of C polysaccharide complexes combine 
firmly with the dermal tissue of rabbits within  1 to 4 hours following intra- 
cutaneous injection. The cell wall lysins neutralize the toxin by reducing the 
particle  size  of  C  polysaccharide complexes.  This  minimum particle  size  is 
required for the initial reaction with tissue and when this has occurred these 
reagents are no longer able to influence the development of the lesion. 
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